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Abstract 
In this paper, three joining methods are employed to join W-Cu alloy and Cu to investigate the effect of joining 
methods on the resistivity of the joint. The results show that W-Cu alloy is well bonding to the Cu substrate when 
joining by diffusion vacuum bonding and brazing in vacuum methods. Welding defects is apt to occur when joining 
by brazing in air. The lowest resistivity of the joint welded is obtained by vacuum diffusion bonding, which 
approximates to the W-Cu alloy while that for the joint brazed in air is the highest. Vacuum diffusion bonding 
method is the best choice when the demand of conductivity is vital while the mechanical reliability is not critical. 
Otherwise, brazing in vacuum is the prior option. 
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1. Introduction 
Cu is widely used on electric motors and equipments in engineering applications due to the sound 
thermal and electrical conductivity. However, the hardness of Cu is too low to resist wearing contact, 
especially at a higher temperature. For the reason of which, the contact terminals that are made of Cu, 
especially the high voltage switches, provides inferior operating reliability during service. In order to 
assure the reliability and durability of electrical contact, W-Cu alloy is usually jointed to the end. Though 
W-Cu alloy is a kind of pseudo alloy, it has better mechanical properties, arc-resistance and thermal 
shock resistance comparing to pure Cu [1]. The contact made of W-Cu alloy dissipates heat faster while 
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the mass lost resulted from burning-out and wearing keeps relatively lower, and presents a longer service 
life.           
Common techniques of joining these two kinds of metals used in industry include brazing [2], diffusion 
welding [3], inert gas shielded welding [4], vacuum electron beam welding [5], electric resistance 
welding [4], and friction welding [6] etc. Joining by different method uses different filler metal and 
undergoes different metallurgical reaction, which results in the properties of the joints differing from one 
another. Besides the mechanical properties, the electroconductivity is one of the most important 
properties of electrical contact. Therefore, the effect of joining technic on the resistivity of the joint was 
investigated in this paper.  
2. Experimental 
The substrates used were 15mm×15mm×25mm W-Cu alloy (80 W, 20 Cu in wt.%) and pure Cu plates. 
The machined plates were divided into three groups for the following joining experiments including 
brazing in air, brazing in vacuum and diffusion bonding in vacuum. Prior to the experiment, all substrates 
were cleaned in acetone and ethanol, and then dried. 
The diffusion bonding experiments were performed in vacuum diffusion welding furnace with a 
vacuum of 10-3 Pa under 2 MPa welding pressure, the specimens were heated up to 800 ƕC and then kept 
steady for 40 min.  
Brazing in air was carried out with a resistor furnace using “sandwich” technique, namely to place a 0.1 
mm thick foil of the brazing alloy (Cu-Ag eutectic) together with flux between two solid plates. Brazing 
in vacuum was performed with the same equipment of diffusion bonding mentioned above and also using 
“sandwich” technique except that no flux was used. The brazing cycle of both in air and in vacuum 
involved heating the samples up to 780 ƕC followed by 40 min isothermal stage at the same temperature.  
After cooling, selected samples were cut perpendicularly to the interface, embedded in resin and 
polished for optical and SEM characterizations. The microhardness distribution of each kind of joint was 
also examined by a FM-700 microhardometer. 
In order to examine the resistivity, Ø1.5 mm×40 mm cylinders were cut from the joints also 
perpendicularly to the interface. The resistivity was examined through the equipment shown in figure 1. 
A constant current source was used to provide 100 mA current and the voltage on the specimen was 
tested by a precision voltmeter. The resistivity was calculated consequently.  
 
 
Figure 1. Schematic of resistivity examination 
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3. Results and analysis 
Microstructure of the joints 
 Figure 2 shows the microstructure of each kind of joint observed by scanning electron microscope. It 
can be seen that W-Cu and Cu bonded excellently through vacuum diffusion welding. The interface is 
straight and thin. The seams of both brazing joints are about 200 m wide, and the brazing alloy bonded 
well to the substrates in both kinds of joints. The interface between Cu-Ag eutectic and Cu is curly, while 
the interface between Cu-Ag eutectic and W-Cu alloy is straight, which indicates that the interaction 
between filler alloy and W-Cu is less intensive than that between filler alloy and Cu. Cu and Ag distribute 
uniformly in the seam brazed in vacuum (Figure 2. b). At the same time, it is a little worse in the joint 
brazed in air, in which impurities are also observed (Figure 2. c). 
 
 
Figure 2. Microstructure of the joints 
(a) Joint of vacuum diffusion welding; (b) Joint of brazing in vacuum;(c) Joint of brazing in air 
 
Resistivity of the joints 
The resistivity of both substrates and every kind of joint are all examined and the results are listed in 
Table 1. The resistivity of the joint welded by vacuum diffusion bonding is the lowest among the three 
kinds of joints, which approximates to the W-Cu alloy. The resistivity of the joint brazed in air is the 
highest. Obviously, resistivity examination results are in accordance with the microstructure observation. 
Brazing joint has a seam wider than the bonding zone of vacuum diffusion welded joint. The composition 
and microstructure of which are quite different from both substrates. The resistance of brazing joints is 
relatively higher than that of vacuum diffusion welded joint. In case of brazing in air, it is apt to cause 
oxidization, impurity or pore defects that can hardly insure the microstructure uniformity. Therefore, the 
resistivity of this kind of joint is higher than that of the other two kinds of joints.  
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Table 1. Resistivity test results  (ȍ·mm2/m ) 
Cu      W-Cu      joint of BA    joint of BV    joint of DB 
     0.021      0.060       0.097              0.077            0.064  
Note: BA refers to brazing in air, BV refers to brazing in vacuum, DB refers to vacuum diffusion bonding. 
 
Microhardness distribution 
The microhardness distribution of each kind of joint was also examined, as shown in Figure 3. It can be 
seen that the difference of hardness between two substrates is remarkable, which will result in high 
interface stress after joining. the hardness of joint by vacuum diffusion bonding varies dramatically, 
though the joint has thin bonding zone and lower resistivity. While in case of brazing methods, the 
hardness changes gradually comparing to that of the DB joint since the filler alloy acts as interlayer. 
Therefore, if the demand of mechanical reliability is critical other than conductivity, brazing in vacuum is 
the prior option.        
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Figure 3. Microhardness distributions of each kind of joint 
4. Conclusions
1) Joining by diffusion vacuum bonding and brazing in vacuum methods, W-Cu alloy is well bonding 
to the Cu substrate. Joining by brazing in air is apt to cause welding defects.  
2) The resistivity of the joint welded by vacuum diffusion bonding is the lowest among the three, 
which approximates to the W-Cu alloy. The resistivity of the joint brazed in air is the highest. 
3) When the critical demand is not mechanical reliability but conductivity, vacuum diffusion bonding 
method is the best choice. Otherwise, brazing in vacuum is the prior option. 
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